Turbulence and magnetic fields are expected to be important for regulating molecular cloud formation and evolution. However, their effects on subparsec to 100 parsec scales, leading to the formation of starless cores, is not well understood. We investigate the prestellar core structure morphologies obtained from analysis of the Herschel-SPIRE 350 µm maps of the Lupus I cloud. This distribution is first compared on a statistical basis to the large scale shape of the main filament. We find the distribution of the elongation position angle of the cores to be consistent with a random distribution, which means no specific orientation of the morphology of the cores is observed with respect to a large-scale filament shape model for Lupus I, or relative to a large-scale bent filament model. This distribution is also compared to the mean orientation of the large-scale magnetic fields probed at 350 µm with the Balloon-borne Large Aperture Telescope for Polarimetry (BLASTPol) during its 2010 campaign. Here again we do not find any correlation between the core morphology distribution and the average orientation of the magnetic fields on parsec scales. Our main conclusion is that the local filament dynamics -including secondary filaments that often run orthogonally to the primary filament -and possibly small-scale variations in the local magnetic field direction, could be the dominant factors for explaining the final orientation of each core.
INTRODUCTION
Understanding the processes leading to the formation of stars in our Galaxy is one of the great challenges which, despite much progress (e.g., Molinari et al. 2014) , still remains open. At sub-parsec scales, the detailed mechanisms remain ellusive through which gravitational collapse occurs, leading to the formation of a prestellar core which eventually will give birth to one or more stars. Recent advances have shown that turbulence is a key ingredient and plays a dual role, both creating overdensities to initiate core formation and counteracting the effects of gravity into the denser regions of these objects (e.g., McKee & Ostriker 2007) . In addition to gravity and turbulence, other physical processes are likely to play a significant role. Specifically, magnetic field and dynamical chemistry networks are expected to be relevant for understanding the general phenomenolfpoidevin@iac.es ogy of star-formation (see for example Leão et al. 2013; Girart et al. 2013; Tassis et al. 2012a,b,c, and references therein) . However, all in all, it is currently unclear which of all these mechanisms dominates over the other ones, and over which spatial and temporal scales.
On larger spatial scales, the formation and evolution of molecular clouds is not well understood and there is abundant literature on the subject. In particular, several simulation approaches addressing these questions have been developed over the last two decades (e.g., Ostriker et al. 2001; Gammie et al. 2003; Falceta-Gonçalves et al. 2008; Heitsch et al. 2009; Nakamura & Li 2011; Bonnell et al. 2013) . While these analyses sometimes use very different lines of reasoning, almost all of them include and/or show that the combined effects of magnetic fields and turbulence are key ingredients to understanding core mass function (CMF) estimates for our Galaxy. However, the impact of magnetic fields on different spatial and density scales has not yet been established with regards to explaining the observed star formation rate (SFR). Recent work suggests that magnetic fields are regulating cloud formation (e.g., Heitsch et al. 2009; Nakamura & Li 2011) , with different scenarii depending on the magnetic field strength and orientation with respect to outflow-driven turbulence.
In practice, characterization of cloud structure properties and star-formation efficiency based on map analysis show strong variations from one cloud to another (e.g., Schneider et al. 2013; Rygl et al. 2013) . Recent studies may provide clues pointing toward the general mechanisms dominating the processes in different regions. In one such study, Ballesteros-Paredes et al. (2011) propose that bound molecular clouds could be in a state of hierachical and chaotic gravitationnal collapse. On the other hand, Poidevin et al. (2013) show that simple ideal, isothermal and non-self graviting MHD simulations are sufficient to describe the large-scale observed physical properties of the envelopes of four different molecular clouds. This result is consistent with some of the molecular clouds not being necessarily gravitationally bound as discussed by Ward et al. (2014) . These findings raise important questions regarding the range of spatial scales and density regimes which are involved with non-self gravitating MHD and effective local collapse leading to core formation.
The Lupus I molecular cloud complex has already been well studied (e.g., Hara et al. 1999 ). We do not know if these clouds are bound or unbound. However, related to the questions above, one can study the relation between the large-scale structures of the filamentary molecular clouds and the average distribution of the prestellar core structure morphologies associated with that region. This is the central question addressed in this work. We focus our study on the structural morphologies of the prestellar cores obtained from the analysis of the 350 µm SPIRE images associated with these clouds (see Rygl et al. 2013) . The morphology of the large-scale filamentary structure of Lupus I is discussed in a separate paper by Matthews et al. (2014) . In addition to photometric imaging, we use the submm polarimetry data set on Lupus I obtained from the 2010 BLASTPol flight (see Matthews et al. 2014) . Ideally, it would be important to compare each identified core morphology with the local magnetic field. In practice, the resolution of the 2010 BLASTPol data precludes this approach, and only the average core morphology (taken to be the average orientation of the core long axes) can be compared to average direction of the cloud magnetic field. Therefore, we limit our analysis to these statistical properties.
In the following, Section 2 gives a brief description of the Lupus I region. The data used in this analysis are described in Section 3. We use the list of cores detected by Rygl et al. (2013) in the SPIRE data, and Section 4 discusses the methodology adopted to determine the average elongation of these sources. A comparison of the average filamentary molecular cloud structures and the sample of prestellar cores for which it is possible to define accurate average elongation position angle (EPA) is given in Section 5. A comparison of the mean magnetic field orientation and the prestellar core orientations is also given. Our results and their implication are discussed in Section 6 with conclusions provided in section 7.
THE LUPUS I REGION
The Lupus I molecular cloud region is a well studied site of star formation. It is one of the closest star-forming regions at (155 ± 8) pc (see Lombardi et al. 2008) , lying close to the position centered at RA (J2000)= 15 h 42 m 00 s , Dec (J2000)= −34
• 12 ′ 00 ′′ . Using the existing Spitzer catalog and SPIRE imaging at 250, 350 and 500 µm, Rygl et al. (2013) detected cores located in this region and discuss their evolutionary classification. These authors show that Lupus I is undergoing a large star formation event, as estimated by the increased SFR and by the large number of prestellar objects when compared to more evolved structures. However, the mechanism behind this surge in star formation is not well understood.
DATA SETS

Prestellar Cores Sample
In our analysis we use the sample of prestellar cores identified by Rygl et al. (2013) with their combined analysis of the Herschel 70 -500 µm maps. The paper does not display an explicit list of coordinates of the cores they discuss. Therefore, for identifying the coordinates of the prestellar cores, we used the central position of the maps displayed in their figure A.2. Most of the time the peak location of the core was obvious, being no further than a few arcseconds from the center of their map. In such cases we report these coordinates, and if not we report the center coordinates of their map. The intensity maps shown in our Fig. 1 (discussed further below) compare well with the intensity maps shown by Rygl et al. (2013) and we believe our core position coordinate estimates are accurate to ≈ 10 ′′ . These core position coordinate estimates are provided in columns 2 and 3 of Tables 1 and 2, respectively.
BLASTPol Polarimetry Data Set
One of the best ways for probing magnetic fields in molecular clouds is through submillimeter (submm) polarimetry, where the radiation from aspherical dust grains, aligned by the local magnetic field (see Lazarian 2007, for a review), is detected in polarization. Therefore, submm polarimetry data provide information about the mean projected component of the magnetic field on the plane-of-the-sky (POS). We use BLASTPol (see Pascale et al. 2012; ) submm polarimetry to infer the POS magnetic field orientations.
Details about the BLAST and BLASTpol experiment, instruments and flights are given by Pascale et al. (2012) , Moncelsi et al. (2014) and . Matthews et al. (2014) provides a detailed discussion of the polarimetry analysis of the 2010 BLASTPol data at 250, 350 and 500 µm. Most of the modified blackbody fits of the prestellar cores discussed by Rygl et al. (2013) peak (in S ν units) at a wavelength close to 350 µm. For this reason, we focus our analysis on the polarimetry data set obtained at this wavelength. This data set is similar to the one used by Matthews et al. (2014) in their analysis.
DATA ANALYSIS
In this section the position angles (PA), whether they refer to core elongation position angle (EPA) as seen on the POS, or to mean magnetic field orientations, are counted positively from north in an anticlockwise direction.
The polarization PA is periodic and is defined to wrap around in a [0
The median values retained in our analysis correspond to the mean and median estimates obtained such that the dispersions of the distributions are found to be the smallest.
Core Position Angle Estimates
To define the averaged orientation on the POS of the elongation of each prestellar core structure, we use the Herschel 350 µm intensity map. The spatial limit between the cores and the cloud envelopes in which they are embedded is not always clearly defined, because of the limit of the resolution of the map. Also dust grain emission along the line-of-sight and the presence of other core structures can cause confusion. In their work, however, Rygl et al. (2013) consider a prestellar core to be defined as a gravitationally bound region of size < 0.05 pc. We adopt the spatial scale, l min = 0.05 pc, as the smallest that should be used for characterizing the prestellar core shapes. With a distance to Lupus I of ≈ 155 pc (Lombardi et al. 2008) this means that in the Herschel 350 µm intensity map, prestellar cores should be well sampled through kernels of 7 × 7 pixels with pixels of size 10 ′′ × 10 ′′ . To ensure that the structure of each prestellar core is fully included in our analysis, we have decided to use sligthly larger kernels of 9 × 9 pixels for estimating the elongations of the observed morphologies of the cores. This ensures a large enough sample of pixels for the fitting procedure that we detail below, and also ensures direct comparison with the maps of the prestellar cores displayed by Rygl et al. (2013) in their figure A.2.
Gravity is expected to be the dominant mechanism that shape core morphologies. Therefore, we assume that the shape of a prestellar core can be modeled by a spheroid, and that the size and orientation of the main axis of this spheroid (after projection on the POS) can be approximated and described by the parameters associated with a two-dimensional (2D) Lorentzian distribution 1 . Estimates of core elongations have been obtained with the IDL mpfit2dpeak 2 routine assuming Lorentzian distributions. The fits have been obtained by only forcing the center of the Lorentzian models to peak at the position listed in Tables 1 and 2 , and otherwise the remaining parameters (constant baseline level, peak value, half-width values along the short and long axis and position angle) were left free in the fit.
Snapshots of the selected prestellar core regions and their long axis averaged EPAs (as obtained with the Lorentzian fitting procedure) are shown in Fig. 1 with black line segments. White lines show intensity contours obtained at levels of 0.5, 0.6, 0.7, 0.8, 0.9, 0.95 and 0.99 of the peak. Dark lines show identical fractional intensity levels obtained from the Lorentzian fit models. Estimates of the EPA and axis ratio obtained from the fits are displayed in columns 4 and 5 of Tables 1 and 2, respectively.
In order to quantify the quality of the fits regarding the 1 In practice we also assumed and tested Gaussian distributions. The results were similar to those obtained with Lorentzian distributions.
2 http://www.exelisvis.com/docs/mpfit2dpeak.html. Tables 1 and 2 . Figure 2 show scatter plots of the Lorentzian modelled intensity (I(MODEL)) against the 350 µm observed emission (I(DATA)). One can see strong correlations between the two intensities (e.g., for cores 1, 3 and 9), lack of correlations (e.g., for cores 4 and 21) and cases in between. The lack of correlation, i.e. a poor fit of the Lorentzian model is mainly due to complex structure around the central position of the cores or to the presence of a secondary stronger peak nearby. In order to avoid a bias in the forthcoming analysis, we rejected the regions for which the LPCP is lower than 70 %. This value provides a good compromise for rejecting ambiguous fits while ensuring that good quality fits are kept. We point out, however, that rejecting the regions for which the LPCP is lower than 55 % would not have affected the general conclusions of this work. We also rejected core 11, which has an axis ratio of unity from the Lorentzian fit, and so the EPA estimate cannot be trusted for this object. In Figure 1 , all rejected cores are marked by a red cross. The histogram of the distribution of the EPAs for the sample of cores passing the tests discussed above are shown in Fig. 3 . The standard deviation is minimized for a distribution centered around the median value of 95
• , with a standard deviation of 41
• . These results are discussed further in Section 5.
Histogram of Inferred Magnetic Field Position
Angles The histogram of inferred magnetic field orientations is obtained by shifting all the measured 350 µm polarization angles by an angle of 90
• (Matthews et al. 2014 ). This histogram is shown in Fig. 4 . The distribution is strongly peaked, with an average value of θ B ≈ 29
• and Table 1 and retained in our analysis, as discussed in Section 4.1. a standard deviation of ≈ 10 • .
STATISTICAL RESULTS
A visual summary of our results is shown on the Lupus I map displayed in Fig. 5 . The orientations of the average elongations of the prestellar core structures are shown with black lines. The locations of the cores displayed in Table 2 , which are rejected by our analysis, are indicated with white crosses. The inferred projected magnetic field orientations are shown with red lines. 
Review The Morphology Discussed in Matthews et
al. The morphology of the main filament running in the Lupus I region from bottom left to top right in Fig. 5 has been discussed by Matthews et al. (2014) . The relation between the large-scale magnetic field, as probed with starlight polarimetry by Rizzo et al. (1998) in the diffuse ISM surrounding Lupus I, the magnetic field structure probed in denser regions of the filament with the BLASTPol 2010 data, and the Lupus I main filamentary shape observed on large-scale, has also been discussed by these authors. Consistency is found between the mean magnetic field orientation in dense and diffuse regions of the ISM, and the elongation of the main filament is found on average to be nearly perpendicular to the largescale magnetic field structure as seen in projection on the POS. Matthews et al. (2014) investigated the relation between the large-scale magnetic field and an arced filament model that they introduce for more accurately describing the shape of the main filament in Lupus I. This bent filament is parameterized by an arc of a circle centered at RA (J2000) = 231.77
• , Dec (J2000)= −37.67 • , with a radius of = 4.92
• . With this model, the authors found that the magnetic field orientations probed along high column density regions with submm data, and in the diffuse ISM with optical data, bracket the filament normal, differing from it by 9.8
• and 8.6
• , respectively.
Core Elongation Distribution vs. Large-Scale Molecular Cloud Structures
The histogram of the EPAs for the 19 cores passing the analysis test discussed in Section 4.1 are shown in Fig.  3 . Data for these 19 cores are listed in Table 1 .
The standard deviation is minimized for a distribution centered around the median value of 95
• , but whether or Figure 6 . Histogram of the distribution of the offset angles between the core EPAs and the normal to the arced filament model discussed by Matthews et al. (2014) .
not we try to minimize this parameter, high standard deviation values of the order of 41
• are obtained, i.e. values quite close to the value of ≈ 52
• expected for a strictly random distribution (Serkowski 1962) . Therefore, the EPAs appear to have no special global alignment with respect to the large scale main filament model discussed by Matthews et al. (2014) , nor do they appear to have a special alignment with respect to the pattern of secondary filaments that often run orthgonally to this large scale main filament.
By using the description of the arced filament model proposed by Matthews et al. (2014) we calculated the offset PA between each core's EPA and the local normal to the bent filament. Figure 6 shows the histogram of these PA offsets, obtained for the 19 cores passing the selection of Section 4.1 and listed in Table 1 . Here again we find a distribution consistent with random, which means that no specific orientation can be seen between the EPAs and the large-scale bent filament model.
Core Elongation Distribution vs. Magnetic Field
Structures Due to problems with a damaged blocking IR filter during flight and resultant systematics, limiting the 2010 data set (as discussed by Matthews et al. 2014) , the information provided by the BLASTPol 350 µm polarimetry data is pixelized in pixels of size 2.5 ′ × 2.5 ′ . This corresponds approximately to kernels of 16 × 16 pixels in the Herschel 350 µm intensity map, i.e., about 3.2 times larger than the regions used for characterizing the core morphology structures. Because of this we decided not to compare the orientation of each individual core to its local magnetic field structure. As a consequence, in the following we only compare the distribution of the elongation of the cores to the mean magnetic field orientation.
The elongation of the main filament is found on average to be nearly perpendicular to the large-scale magnetic field structure as seen in projection on the POS (Matthews et al. 2014) . Our result therefore also implies that there is no specific orientation of the average elongation of the cores with respect to the large-scale structure of the magnetic field that might shape the main filament.
However, since the structure of the magnetic fields in the high density regions (which have not been probed with submm polarimetry) is not clear, we have searched for possible correlations between the elongations of sub- sets of cores having POS displacements from submm pseudo-vectors smaller than various threshold values. Given that the mean width of the Lupus I main filament is of order 7.5 ′ , we first calculated mean and median EPA estimates for cores having displacements of less than 7.5 ′ from the nearest pseudo-vector. The standard deviation of the distribution of EPAs for this subset is higher than that obtained for the complete set of selected cores, i.e., it too is consistent with a random distribution. When the same calculations are performed for a displacement lower than the size of the BLASTPol 2010 beam (2.5 ′ ), the size of the sample (N = 6) starts to be quite small, but the same conclusion can be drawn. As an ultimate test, we calculate a mean EPA of 103
• for the subset of cores matching within a BLASTPol beam. This means there is an average offset angle of about 16
• between the mean short axis direction of the sample of cores and the mean orientation of the magnetic field of ≈ 29
• . Although this result is obtained for a sample of two cores only, it is consistent within the uncertainties with the results obtained by Ward-Thompson et al. (2009) and Tassis et al. (2009) , but obviously no strong conclusions can be drawn from this.
A summary of all these results is displayed in Table 3 .
DISCUSSION
Our core orientation characterization method is based on 2D Lorentzian fits, which means that no assumptions on whether the 3D structure of the cores is oblate or prolate have been made. We chose not to investigate these aspects because, due to the integration of the signal along the LOS, it is not possible to spatially separate the contribution of the dust emission provided by the filament from that originating in the cores. This is particularly the case in crowded regions at different evolutionary stages (see figure A1 of Rygl et al. 2013) where overlapping cores add confusion. It has been possible, however, to define EPAs for 19 sources from the 27 objects in the sample, as listed in Table 1 .
For the remaining targets of the sample listed in Table  2 it was not possible to define EPA values with high confidence. In the case of core 11, we believe this is a result of projection effects due to the complex threedimensional structures of this core. The shape of this object might be that of an oblate disk seen face-on or of a prolate ellipsoid pointing end up, as indicated by the axis ratio of unity. The probability of this is expected to be low (Gammie et al. 2003) but cannot be totally rejected (Tassis et al. 2009 ), in particular if the amount of dust emission between the observer and a given core is negligible. For prestellar cores 4, 7, 14, 21, 22, 23 and 24 , the problems with modelling their 2D projected shapes is more likely coming from the complex dust emission intensity distribution along their LOSs, in particular in regions containing high numbers of cores with embedded sources (Rygl et al. 2013) .
With all the limitations mentioned above and the results discussed previously, the general picture emerging from our analysis is that the sample of selected prestellar cores surviving our analysis looks quite randomly oriented on the POS, and therefore randomly oriented with respect to the main filament of the Lupus I molecular cloud, as well as with respect to the mean magnetic field structure probed in various density regimes in this region. This last finding is in agreement with the analysis of simulated cores (or clumps) provided by Gammie et al. (2003) . These authors study the formation of threedimensional analogs of cores using self-consistent, timedependent numerical models of molecular clouds. Their models include decay of initially supersonic turbulence in an isothermal, self-gravitating, magnetized fluid. All simulated cores are not expected to be self-gravitating and their axes are not strongly aligned with the largescale magnetic field. Matthews et al. (2014) suggest a correlation between the main shape of the filament and the mean magnetic field on large scales, but secondary filaments are also observed, which make the picture of Lupus I a complex one once smaller scales are considered. To illustrate this aspect, we plotted in Fig. 7 intensity contours showing spatial variations of the column density overlaid on the core elongations (shown with black lines). In this part of the Lupus I cloud, a secondary filament crosses the main cloud filament, as discussed by Matthews et al. (2014) , near where the magnetic field has been probed by BLASTPol (see Fig. 5 ). Is is clear from this Figure that the cloud sub-structure is complex, so that the morphology of the cores may be determined by their local environment, i.e., the local physics of the filament, rather than by the large-scale morphology of the filament.
Regarding the effects of the magnetic fields on subparsec scales, various studies (e.g., Hildebrand et al. 1999 ) have shown that a "polarization hole", or in other words, a decrease of the polarization fraction as a function of the intensity, is measured toward the majority of molecular cloud cores observed with submm polarimetry. Therefore, it is not yet clear whether or not magnetic fields are probing deep into the cores, in particular above visual extinction of about 10 magnitudes, where dust grain alignment might be inefficient (Lazarian 2007; Pelkonen et al. 2009 ). Apparent depolarization may also occur because of a lack of angular resolution, the effect of which is to smooth complex small scale magnetic fields structures thereby producing a net low degree of polarization. A mean offset of ≈ 30
• between the short axis of cores embedded in six distinct Bok Globules and the magnetic field orientation in their local diffuse environment was discovered by Ward-Thompson et al. (2000 . Similar results have been subsequently ob- tained by Tassis et al. (2009) for a sample of 24 molecular clouds. The latter study concentrates on high mass molecular cloud cores that are larger and denser regions than Bok Globules, but these authors also find that the magnetic field orientation is close to the shortest cloud axis by showing on average a deviation of 24
• . A similar qualitative conclusion is inferred by Hull et al. (2013) from their study of a sample of low mass protostellar cores whose cores embedded disks are not expected to be aligned with the magnetic fields in the cores but this picture is not so clear when compared to results obtained from the analysis by Chapman et al. (2013) showing correlation for low mass cores. In addition anti-correlation cases can be expected for high mass cores (see Poidevin & Bastien 2006) , which makes this subject still open to more investigation.
We expect that the BLASTPol 2012 data collected during December 2012 -January 2013, currently under analysis, may be able to address these issues.
SUMMARY
In this work we first calculated the average elongation position angles, EPAs, for a sample of prestellar cores identified by Rygl et al. (2013) . We then compared the distribution of the core EPA values to the mean shape of the large-scale filaments in Lupus I.
The average orientation of the cores, as seen on the POS is obtained by fitting 2D Lorentzian models to the 350 µm Herschel dust emission intensity map centered at the position of the prestellar sources.
We find the EPAs to be consistent with a random distribution, which means no specific orientation of the morphology of the cores is observed with respect to a largescale filament shape model for Lupus I. Similar results are found when the average elongation of each core is compared to the closest normal of a large-scale bent filament model discussed by Matthews et al. (2014) .
As a second step we compared this distribution with the mean orientation of the magnetic fields probed with 350 µm polarimetry in the high density regions of Lupus I with the BLASTPol experiment. Here again we do not find any correlation with respect to the large-scale magnetic field structure. Our main conclusion is that the local filament dynamics -including secondary filaments that often run orthogonally to the primary filament -and possibly small-scale variations in the local magnetic field direction, could be the dominant factors to explain the final orientation of each core.
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